Adamsky et al. show that stimulation of astrocytes potentiates synaptic transmission and enhances behavioral performance in memory tasks. These results demonstrate that astrocytes are actively involved in synaptic physiology and brain function and lend further support to the idea that animal behavior results from the coordinated activity of neurons and astrocytes.
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Astrocytes regulate neuronal and synaptic function by responding to neurotransmitters and releasing gliotransmitters at tripartite synapses (Araque et al., 2014) , which suggests their active involvement in brain function and behavior. In this issue of Cell, Adamsky et al. (2018) provide exciting evidence demonstrating that astrocyte stimulation promotes synaptic plasticity and memory enhancement.
Studies on astrocyte-neuron interactions have been curtailed by the available tools, commonly based on loss-of-function strategies, to control astrocyte activity (Halassa et al., 2009; Navarrete et al., 2012; Henneberger et al., 2010) . The advent of optogenetics and chemogenetics, which allow the selective stimulation of cells, has overcome this limitation. Adamsky et al. (2018) used these tools to investigate the effects of selective astrocyte stimulation on synaptic plasticity and memory. Using a viral strategy, they expressed in hippocampal astrocytes the hM3Dq DREADD, an engineered receptor that upon stimulation with clozapine-N-oxide (CNO) activates the cell. They first tested the effects of CNO on astrocyte activity and synaptic plasticity in brain slices. Consistent with previous studies (Chai et al., 2017; Martin-Fernandez et al., 2017) , astrocyte calcium activity was enhanced for at least 40 min in the presence of CNO. The application of CNO also potentiated synaptic transmission, which persisted after washout, suggesting that astrocyte activation was sufficient to induce the synaptic long-term potentiation (LTP), a form of synaptic plasticity commonly assumed to be a cellular correlate of learning and memory. They further show that this LTP was dependent on NMDA receptors (NMDARs) and required D-serine, a gliotransmitter co-agonist of NMDARs. The involvement of astrocytes in LTP is consistent with other studies that used different approaches (Perea and Araque, 2007; Henneberger et al., 2010; Navarrete et al., 2012; Takata et al., 2011) . While pairing postsynaptic activity and metabotropic glutamate receptor (mGluR) activation by astrocytic glutamate was shown to induce LTP (Perea and Araque, 2007) , the LTP evoked by astroglial DREADDs was D-serine dependent but mGluR independent, which raises the possibility that astrocytes release different gliotransmitters under different conditions (Covelo and Araque, 2018) . While previous studies showed that astrocytes were necessary for inducing LTP, Adamsky et al. (2018) show that astrocyte stimulation is sufficient to induce LTP.
Next, Adamsky et al. investigated the effect of astrocyte stimulation on memory consolidation and recall in vivo. In two memory-related behavioral tests, the T-maze and fear-conditioning (FC) paradigms, astrocyte activation enhanced the task performance. Notably, activation of astrocytes with CNO 30 min before the FC training session improved the task performance but was ineffective when applied after the training session, indicating that stimulated astrocytes did not affect memory recall but instead were involved in memory acquisition or consolidation. To distinguish between these two possibilities, authors used an alternative approach that provides a better temporal resolution to activate astrocytes: optogenetic stimulation of the Opto-a1AR opsin, a light-sensitive receptor that was expressed in astrocytes. Stimulation of astrocytes for 5 min during the FC training session improved the behavioral response, indicating that astrocytes enhanced memory acquisition.
Interestingly, activation of DREADDexpressing neurons during FC training impaired the contextual memory. Why was memory impaired by neuronal activation but enhanced by astrocyte activation? The authors hypothesized that ''astrocyte-induced memory enhancement is not merely due to the general increase in neuronal activity, but rather stems from a tailored response of astrocytes to the activity of their surrounding neurons.'' To test this, they quantified neuronal activity by monitoring cFos, a marker of cellular activity, after DREADDs activation of either astrocytes or neurons in mice that underwent FC training or didn't (home-caged mice). As expected, CNO increased neuronal cFos expression in animals with DREADD-expressing neurons in both conditions (FC and home-caged mice). In contrast, activation of DREADD-expressing astrocytes in home-caged mice did not modify neuronal cFos expression, which was, however, enhanced in FC animals (Figure 1) Several general conclusions can be drawn from this study. First, it further supports the functional significance of astrocyte calcium at tripartite synapses, a concept that has been debated. Second, because exogenous activation of astrocytes, but not neurons, elicits memory enhancement, astrocytes could serve as more suited cell targets for therapeutic approaches. Third, because astrocyte-induced memory enhancement only occurs with concerted astrocyte and neuronal activities, it also supports the idea that brain function results from the coordinated activity of astroglial-neuronal networks.
We expect future studies to continue revealing astrocytes as key players in brain function, a recent paradigm shift from the traditional view on the cellular (neuronal) basis of brain function.
